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Description 

1. INTRODUCTION 
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Pars of oligonucleotide The polynocloo.id. s eq Jlf o, togZ.Jl."? C ° mprlse °™> » ™» 
>« the array „«„ hyt , ri<flsi q ind^. ' *" ab< "' ed '• 

the rate of accumulation of DNA sequences wh L * no „ * ' T,eth0dS are now us ^ is given by 

powerful as they are. ,hey have SSot ^31°^ ^"iT bW PairS * W Howeve^ 
coarse analysis of an extensive region bu ^e rapid ^11. ^ ^ hybridisation methods give a 
is slow, analysing only a short stitch 2 .^7^^^?'* °T ^ U,, '' mate reSO,Ution but '« 
Present methods, and in particular for a^^^\ a ^^^ ^ than the 

Th,s .nvent.on provides a new approach which produces ^zZttT?* ^ ana,ysis - 

nucleot.de sequence" or rag S ^ SCwSS^ ".•I" 9 " 60 ' 3 there °'' * PP ^ ^ ^ 
o locat,on of the label on the surface LZZ Z L hybr ' d,sat,on conditions to the array, and observ.no 
in another aspect, the in onZ orov Z ' " °' Wt °' Nucleotides 

terete ceils of 3^^^— 8 """" ^ ^ « ~— — 

aj segregating a support ma.er.al into discrete cell location.- 
b couphng a nucleot.de to a firs, set of cell locations- 
c coup ng a nucleotide to a second set of cell .ocations: 
d coupling a nucleotide to a third set of cell locations- 

coupled in a previous step a. that toe aS " '° SUrfaC9 °' the Support or «° • nucleot.de 

T~ * — ™ - P- ab , y bound to the 

-p^o^ -V C the who.e or a chosen par, of a 

supporting , ilm or glass ^ ! « 0Se " T ^e array, which may be laid out on a 

hybridisation and the length of ^ o IgonS! \ rt Z * hybrid ' sa,10n The chosen conditions of 

equipment to be able to ^rJ^ a ^^^ m rZJL 7^ ter the ava ' iab ' S 

hybridisation reaction, the array is explo « b " Ti ^ , S 3 m.smatched oligonucleotides. In me 
chosen , ength or (onger poly nuc.eo ide seouencJ; f WhiCh may COnlpfise oli 9°™ s °' ^ e 

paa,cu.ar application. ?or exampte th orobe m, 9memS ' ^ Wh ° Se nature Spends on ,he 

DNA by the pcymerase chai ZTrtc ] orT^ N LIT" ^ amp '" ied " om ^ miC 

com P ,ex sequence such as an en S oenomT rl^ ^ °' * COmp ' ete Set of °«9onucleo.id e s from a 
oligonucleotides present in he analvs d Tn h * 3 °' ""^ Ce " S corresponding to the 

sequences which are absent in the ^St?" ^ 8 S£ ' °' " empty " Siles corresponding to the 

of the sequence analvse, n 2 1!" d y ! . SeqUenCe - ' he pattern produces a fi "9erp nnt reoresenting all 
ec. ad d...on. „ ,s possible to assemble most or all of the sequence analysed if an 
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oligonucleotide length is chosen such that most or all oligonuc.eotide sequences occur , 

The number, the length and the sequences of the oligonucleotides presen Z * 
also depend on the application. The array may include a- possible o.igonudeoW s cnZ^l ^ 
would be requ,red if there was no sequence information on the sequence to JL C ° S6n ' en9tt1 - 33 
S T ' en9fh ° f oli 9<™<^^ used depends on the length 0^^^^^ * "* the 
tha there , s Iike .y to be only one copy of any particular oligomer in th sZenc to h^ "* '* *** 
arrays are large, .f there is any information availab.e on the sequence to be analysed .h ^ ^ 
selected subset. For the analysis of a sequence which is known the size of Z lT , ^ be a 
as length of the sequence, and for many applications such as the an^vsk ^ * ^ Same ° rder 
w be quite small. These factors are discussed 2 ?de.au"Lha, ,o,I:w S 3 ^ f ° f i( Can 

J. OLIGONUCLEOTIDES AS SEQUENCE PROBES 

Oligonucleotides form base paired duplexes with oligonucleotides which i h » , , 
/a sequence. The stability of the duplex is dependent on the tenet on , n, , Compleme ^V base 
composK.on. Effects of base compos„,on n^ZX^ V^^^ «" ° n baS * 
h.gh concentrations of quaternary or tertiary amines. However, mere is a sZnc 6f £, J * ° ? 
oi.gonuc.eo.ides duplex on ,he thermal stability of the hvbnd and i Us t wL^n I m,smatches ^ 
hybridation w„h oligonucleotides such a powerfu. method for t e an ' Lt ^ " ^ °'' 
« selection of specific sequences for amplification by DNA oo.yrne rase ^n^T*' ^ 
mismatch affects the degree of des,abi. IS a.,on. M^matcnes in the cent e o! T P ° S "'° n ? ' ^ 

lowering of the Tm by ,0°C compared with ,« C for a t»rm?nal mfemitrh t' ^ ' 

discriminating power depending on the position of m, sma " C h ith h,, 7* * * ^ °' 

descried here.. There are wajs of imping the Z^C J™ ? °" ™«« 
* hyond.saoon close to the Tm of the duplex ,o reduce the rate of formaL 0 f f ■ ° M 

.ncreM.n 9 the length of oligonucleotide beyond what ,s required lor uZ rep 7se < ITT' ™ * 
this systematically is discussed. representation. A way oi aomg 

3. ANALYSIS OF A PREDETERMINED SEQUENCE 

One of the most powerful uses of oligonucleotide proces has been ,n the r-^ iinn n , 
changes ,n human genes. The first example was the detection of t h* *Z*VZ ** eC,,O0 * 0f S ' n S !e 
gene which .eads to sickle cell disease. There is a neec o exl th slSo o^n 9 * ' ' fceMStob " S 

ha^b shown b y inCe1'n C l n Iis W to cl T^l °" ^ in - Jons ^Ic' 

Cvstic Fibrosis. A/y ~ ^^ZyVTri "* 

Sore. ?£s :^ N - wh r : 5 - - « ~» 

thousand o.igonucleotides 9 of anv chose ^ " 0ve ^9 set of around one 
a separate cell can be used as a St , ' instructed w„ h each of these oligonucleotides in 
context, a single-copy gene I the S» o ^ '° 6Xamine *" homoio 9°^ W«c. in anv 

for example. The length I Tmay be chosen su.hTt ? ' """r" 9 ^ ™ A am ° n9 3 m ' Xed RNA W>*on'. 
yui a ma y De cnosen such that here is on v a small nmhah;i;iu 

sequence is represented elsewhere in the sequence to be LalvTed llT^I L V ' he 
expression qiven in th P WP Hnn h- 4 analysed. This can be estimated from [he 

4. ANALYSIS OF AN UNDETERMINED SEQUENCE 
seql^c™ 

problems for wh ch ^TL ^'» ^ °' m0,eCU ' af '° bear ° n the ™* biolo 9 ,ca ' 

sequence of the nuc efc ac ds n.t '° 9606 ° f 96neS inV °' ved - ,n ™* 

between two nucleic^ ds To Cve ? h " de ' ermin ^ Ihe ""POnant sequences are those wh,ch differ 
acds. To g,ve three examp.es: the DNA sequences which are different between a w,ld 
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type organism and one which carries a mutant can lead the way to isolation m th . 
he sequence differences between a cancer cell and its norma, ^*r£?/ ™ ni9ene:Similari Y' 
M 0r * 0 n; and the RNA sequences which differ between ^ cSTvSTl- T, feVea ' CauM ° f 

d, st,ngu,sh them. These problems can be opened , molecu ar anJ Li e h '° ^ ' UnCti ° ns which 
. sequence differences. Using the approach ou.Ld hire such 2 fe TeTes C Z 1™*°? ^ iden ""' es 

the two nucfe.c acids, for example the genomic DNA of the two ZnT * Vea ' ed ^ "/bridising 

e. .. types to an array of o.igonuc.eotides which represent a, posi K^T^ 0 ™ 0f two 
wh.ch are occupied by one sequence but not by the other show dS l sequences - p °s.t.ons in the array 
the sequence information needed to synthes * £b£^h £ ^ ^ ™« 9-es 

'o sequence involved. Can then be used to isolate clones of the 



4.1 ASSEMBLING THE SEQUENCE INFORMATION 



15 
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-oo—Of^ * « -a, Any 

from each positive o.igonucleotide. the air. may T^ie?jLT ^ ^ * l6n ° ,h ^ Starlin9 
the four ,o the right that can overlap 12 a one Tas L " ^ 0, ' 90nuC,eotides 10 th « and 
oligonucleotides is found to be positive to * e r ^ " ^ ° ne of these 'our 

determine s bases in the unknown sequent The orlTJ P ^ ^ ^''^ base t0 lhe W 

matches with other positive oligonucle des ' Z " I ^ ^ 

reconstructed sequence. y ". umque maIch ac) ds a base to the 



4.2 SOME STATISTICS 



M ^i^^^^^^ 1° 3 °' ; * — 5 nuances s base Pairs ,n 
because the ,w 0 strands ntH 5L" T sc ulnl^^T?" °' " "^"^ °' N baSe pS ' rs is 2N ' 
significant,. For o.igonudeotides of eng h s There a e 4^ dSlen, ZT Ws ° f two ' s 

be to ensure that most oligonucleotide w I, be ^esentd ont H ° W b '' 9 ^ s 

» com^y N? For a random sequence the 3^=:^ 

U ., = 4 s (1- e -'(1 + X)) * 

35 where 

a = (N • s + 1)4* 



OS 
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^ Practical reasons it is also useful to know how many sequence a-e rel-ten 
single base change. Each position ran ho . - / que c " s c ' 6 relotea to any given s-mer by a 

sequences related to an dividual " Zr h ^ ^ 006 °' ' hree baSes - lhere a ' e ' h ^efore 3s 

sequence of N bases ts 2w J any other J T* ^ probabi «>' that an * s-mer ,n 

The relative signals of matched " a JZ2Z, 7 ' SeQUenCe a "° Win9 ° ne s ^>«"tion is 3s , N 4* 

conditions are in distingj^ a^rT^cM^TT'; ^ °" ^ 9 °° d th6 "ybr.d,sa„on 
magnitude greater than N t Ze shou w on^l !T . f d by 5 S ' n9 ' e baSe ' (lf 45 ,s 311 °*er of 
change, The indications" ari a, , ne I? of hvbr d 1 L '° W 0,i 9° n «*'«»«* one base 

formed by the perfect duplex. " 0m m,sma,ched se °.^nce * 

a fraction of that 

4.3 ARRAY FORMAT. CONSTRUCTION AND SIZE 

co n v? n ,e o n u 0 T h ;: e : f :L th a e r ra s ra e s nzzXtT to ana,yse sequences °' d,,,erent — ^ ••• 

once ,n a matrix constructed h! 1 , sequences ol a g.ven .ength can be represented just 

columns. This proou l a 4 x / m Zln l^^T^ *" ^ ^ f °"° Wed ^ <°»< ^ 
Four s,mi lar matrices, but one quate he s, e Z f ? ^ r6PreSemS °° e °' the 16 ^b-ets. 

Produces a ,6 x ,6 matrix contaS a,l 256 L , " °' ^ ° ri9inal SQUareS Th ' S 

onta.n,ng all 256 tetranucleo.,de sequences. Repeating this process produces a 
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matrix-of any chosen depth, s. w,th a number of cells eoual to 4* a, «■ 



JO 


S 

8 
9 


4 s 

65536 
262144 


Genomes 
4 s x ,c 


Side of Matrix (pixel = 100 urn) 


Number of Sheets of film 




10 
1 1 


1.0 x 10 6 
4.2 x 10* 


cosmic) 


100 mm 


1 




12 


1.7 x 10> 








75 


13 
14 
15 
16 
17 


6.7 x 10 ; 

2.6 x 10 3 

1 . 1 x 1 0 s 

4.2 x 10- 

1.7 x 10* C 


E.coii 
yeast 


1.6 m 


9 


20 


18 
19 


6.7 x.10- 
2.7 x 10 M 


human ^ 


25 m 


2.500 




20 


1.1 x 10 15 , 




100 m 


I 
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conventual procedures - the cos m "sea" a e n th pSsToTbr"" ^ been Seq — * d b ^ 
'or ,-h,ch mere has been considerable discus". £n of th/m/on ? h ,7 sequenced - the E. co.i scale , or 
table shows that the expected scale of " magnitude of the problem - the human scale The 

approach. Th.s is readi,/ e tn ,n ne a J ^ SVmTt "J? ' Sma " °' «" e «»™«oni 

,„ t.me ta.en for the analysis would be onT^a Ima II fracln n T * COnSVmed - " * sv.dent that the 
column shows the len 0t h of random ,1 * ' * needed f0r 9 8 ' melho ^. The "Genome*" 

been determined ^l^ o^c^^lT^r^ "'" 5% °' CS " S m ,he ^ 

At size, a h,gh P-PO^roT he pc^ «'«™ bussed below 

■he conditions needed to compare tJ Q ^?^^tZ^T °' ^ °"" 90me '- 

5. REFINEMENT OF AN INCOMPLETE SEQUENCE 

present as components of lono ren^nn , 'epea,„d m the sequence occurs. Some repeats are 
DNA, dispersed and Sn^^Tj^" " '° m Pa '« ° f ihe 'tructura. organisation of m 
use, in the matrix is smaller than that need™ Z ^ ^ ^ °< leotide 

by chance. Such repeats are likely o be i 1' ed T 2 ' ep ' esentati ^ "Peats occur 

oligomers are unrelated to each other The gaps caused^ h ' SeqU6nCeS Surroundin 9 the repearea 
sequence to longer oligomers. ,„ pri^^^^l^^ b * ' e ™ ved -<^ g the 
us,ng an array representation of aliposs^ble X merS could t Z, ^ repea{ea b V ^ firs, analyst: 
end. For each repeated o.igomer. mere would b 4 xT- ° 6 oLlZ " T"" ^ an menS '° n at each 
analysis would now be repeated until the slaZnrl ' °" 9 ,° s '° the new ma,rix " The hybridisation 
positive signal in the hybridisatan mav be J2h „ ^ PraC,iCe - because < h * results of a 

result by extending all ^ sequences which did ™ Y '° 3d0pt 3 re,ine ™ nt «' the fir S: 

advantage of .his ipJ^^^Jt. *** ' ^ ^S^" reSU " ,n ,he ,irst anal ^- 
in .he shorter o.igoml c Ler o th e e 9 -^T 09 m,S ™ tches which are close ,o the encs 

of duplex formation. 6 ex.enaed oligomer, increasing the discr immatory power 

5.. A HYPOTHETICAL ANALYSIS OF THE SEQUENCE OF BACTERIOPHAGE X DNA 

^^s^; s :TZ^ r ; r 9 - ,ts ™ has been comp,ete,y — • - 

appropriate size of oligomer t0 use for a si * , T °' ^ ana ' yS ' S ' The table «ha. the 

use for a sequence of th.s complexity is the 10-mer. With a matnx of .0- 
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mers, the size was 1024 lines square. After "hybridisation" of the lamhrt* in 

ceils were positive. , 957 had double occurrences. 7 Tple t^^^T* " 46 ' 377 

These 46.377 positive cells represented known sequences detelS f .* qUadrUP ' e occu ^nces. 

Each was extended by four x one base at the 3 ' en TZ fourTZTn . P ° Si "' on in ,he matrix. 

= 742.032 cel.* This extended set reduced he number o douC e * * ^ l ° 9 ' Ve 16 * ^ 
extension brought the number down to 10. and one more oZlc TTT^ * ^ a ^ 16 ' ,0,d 
course, the same end result of a fully om^ ^^^ti^!!^ 0Verla ™<* re *"»- Of 

matrix wouId be 4000 ^ ^ ^ TZ^ * T ^ 

sequence represented on it would be redundant. represent a » 10-mer S( and most of the 



5.2 LAYING DOWN THE MATRIX 



20 



25 



30 



35 



<*0 



SO 



example of which is described above. Automatic equipment far 1^ L ^determined pattern, an 
developed, but there are obvious possibili.es; it should J ^ S^JZ^ ^ y6t t0 be 
computer-controMed printing device to the purpose. The smal.er the £ L si 2 of LT T " 0,her 
complex genomes need very large numbers of cells. However there ! ' , 6 ,he better - as 

made. ,00 microns would be a fairly comfortable upper 1^1 Sul nrob h , Z ^ *"* be 
or re asons of texture and djffusjon Qn & J^LZ^ such afola^ f 00 P3P6r 

ach.eve a resolution of around 10 microns far P «lb h ~ unace ' Such as 9'ass. «t may be possible to 
repellan, g„d, and building the oBo^^o, ^ a x«^T B " '° pre '° fm 2 S^ 6 "' 

al-ows adaptation of present ^c^T^^Z^s^ 5 ^ which 
microscop.c patches onto the surface of a nia^ ni ata . „ J tneS ' S ' ,s t0 Slnter ™croporous glass in 

rf „, abou , ,„.„„„ SPOts P9r S9CO „ 0 . Wilft mis sort o , sp r,^,n~„ «:;r: e : 

5.3 OLIGONUCLEOTIDE SYNTHESIS 

synthesis on a glass surface Althnnnh w„ , „ 9 ( ' d are Su ' ; abie tor*adaptation to 

SU pp»„ mKta , lhro » 9 „ .s^™*™- :r,^ a r,:r m » - 

6. PROBES. HYBRIDISATION AND DETECTION 

distingu.shing between hybridising n?- " d be P ° SS ' ble t0 desi 9 n a System capable of 

,e, wil, be lo P0 ^^~^ o, fhe probe sequence. .°. 

random as p0SS ib e lo TaZV* Zl^T " ' S de 9 raded b V a method Jhfch ,s a . 

support, and oligomer of exacrenot s'sei^ H 6 , V ^ * °' ' he ^^-leot.des on « he 
then labelled. For exale ! , h " elec,r °e horesi s °" a sequencing gel. The probe ,. 

rad.oac„ve yield of ^SLfJST^^V ? 9 ' h , S ^ * " labe " ed w ' th M P the 

^or detectioVt^T'sm^^oVrth- '! £ S^. ^ 7o ^ " ^ ^ ^ °' 

allows hybridisation conditfons to be rhn^n ^ , ^ -r f 0 m,cron s square. This 



EP 0 373 203 B1 



to 



ts 



20 



oligonucleotide is in excess . signal need , D prob) 

Hybridisation conditions can be chosen to be .hose known Z Z ab ? e in STT ' 
to hybnd.se to mters. but estab.ishing optimum conditions is impend rl , ■ * procedures used 
be controtied closely, preferably to better than :0 5°C PartSv hi" t6m P erat ^ needs to 
oligonucleotide is sma)l . the ana|ysis needs (Q be J Sj* ^ the , Ch0sen ««0th of the 

anovor extent of hybridisation. The equipment n^^TT^^I^ 1 °' ' a,e 

compos,,™ between different oligonucleotides, In constructing th ^ a™ * d " fe ' enCeS " b3Se 

, g s:s:s - a r „ 9 factor determin . 

would be better. Fluorescent probes are envisaged; ^\h e S oh * V 1°™ a « e « SY*™ 
-ohgonucleot-des. the low sensitivity of fluorescence may not be a problem 9 C ° nCentrat ' on of targe, 

Preset 1^5 ^"STL'Tr ^ * ***** ^ °" 

than present ap p , icatlon . dep Qn ° he *JL™™' ^ be tended down t0 less 

distinguishing absence of a sequence from L oIL ' nf nn reaC "° n - Snd how 9<*d u . S at 

ca, p,a,e S have an accuracy around 1 T Scan peeds a e SU ch *" meMunn 0 

be scanned in a few m.nutes. Software for the ana SS C ' * °' S9vera ' m " lion "lis can 

sets need a fast computer. V ° ,he d3ta ,s str a'9nt-forwara. though the large data 

Expenments presented below demonstrate the feasibility of the claims 

deprotect.on of the ^JZ^^^T^^^Ts^^ ^ ™* "» 

5 hydroxyt g r0up whi h ^ c oases ' - e - J0 0 3 *t 5o°C for 10 hours. The linker ** a — « * 

steps. Thl sLs ^ ^ ^^V^T' oBgonuc.eo.ide. synth^n" ^ 
containing several drops of Huntg s^ base a* ?£^Z".^^"™ lU ^ yalt »» m 
with a drying tube, for 20 hours a^ 90°C \t l lT* ^ ' S Carrled 0ut a s '^ning ,ar. f i::s<J 

. <su o for 20 hours, me slices are washed wrh MpOh n . w I, !he m,xtLir e kept a: 

use. " 3Snefl w '" n Me0H - c '2°- dr.ed and stored desiccated at -20°C u rr.i 

The oligonucleotide synthesis cycle is performed as follows- 

aceton,;,;:^ T«:i^;z^:: r each st2p by ^ 5 <* °^ — o. e in „ hvdrous 

t-ee m,nutes. Oxidation w h a ^ ^TT^T^^ «'™ * 

bond. Deflation of the 5' end w,th 3% tTllt THF PX^ine H 2 0 y.elds a stable phosphotnester 
the oligonucleotide chain There was no ^'f dich, ° r0 ™ h ^e allows further extension of 

-active sites on the slide wa Mai, Z^Th^^* ^ ^ °' ^'P^dltes used over 
completed, the o,i g onuc Ieo „ d e is ^^^^^^^^ ^ ^"thesis ,s 

coupling step are moisture-sensitive and this fril i«i 1 °' The chem 'cals used in the 

a sealed container, as follows. The sh ape of Z ZTZT*' ^ Wder £nh ^° us condition, in 
^bber (76 x 26 x 0.5 mm, which ^0^5 ^ ^ynthes.sed was cut out of a sheet of silicone 
above, and a p.ece of tef.on of T same S Z 1 t * "' Cr ° SCOpe slide ' ^-atised as descr,bea 
tubing that al.owed us to inject and withdraw L r-n i ° W3S ' i,,ed 3 Short P iece of P'«..c 

argon. The whole assembly was Ll tool2\ , * T'™ ^ '""^ and t0 " ush the cav "V 
disassembled and the s.ide pul thTouo > Z , J > . ^ ^ Mer CotJ ^ *° set-up was 
de,rity,a,on by treatment with ^ZZ^Z^ ^ «""»■ ^ 



EXAMPLE 1. 



1.5 ".™on c. D . m .. a, a h,b,ia, LL 2V, 2 h! ? T D0, "~ d8t » i « '"f™ to a ,o,»l ac,..,,., o, 

a short r.nse in the same solution without m nn i I " ' ° f 5 m,nutes 31 20°C. After 



EP 0 373 203 B1 ,* , . . . . . 

I » • ■» • «** * * * « • m* 

% » 1 ♦ ♦ # « • « « 

4 i r i • • •««•* • • * i 

oligonucleotide had been synthesised, i.e. there was no non-specific binding to the glass or to the region 
that had been cerivatised with the linker only. After partial elution in 0.1 M NaCl differential binding to the 
target is detectable, i.e. less binding to the shorter than the longer oligo-dT. By gradually heating the slide 
in the wash solution we determined the Tm (mid-point of transition when 50% eluted) to be 33°C. There 
were no counts detectable after incubation at 39°C. The hybridisation and melting was repeated eight times 
with no diminution of the signal. The result is reproducible. We estimate that at least 5% of the input counts 
were taken up by the slide at each cycle. 

EXAMPLE 2. . 

in order to determine whether we would be able to distinguish between matched and mismatched 
oligonucleotides we synthesised two sequences .3' CCC GCC GCT GGA (cosL) and 3* CCC GCC TCT 
GGA, which differ by one base at position 7. All bases except the seventh were added in a rectangular 
patch. At the seventh base, half of the rectangle was exposed in turn to add the two different bases, in two 
75 stripes. Hybridisation of cosR probe oligonucleotide (5* GGG CGG CGA CCT) (kinase labelled with 32 P to 
1.1 million c.p.m., 0.1 M NaCl, TE. 0.1% SDS) was for 5 hours at 32°C. The front of the slide showed 100 
c.p.s. after rinsing. Autoradiography showed that annealing occurred only to the part of the slide with the 
fully complementary oligonucleotide. No signaJ was detectable on the patch with the mismatched sequence. 

20 EXAMPLE 3. 



w 



For a further study of the effects of mismatches or shoner sequences on hybridisation behaviour, we 
constructed two arrays; one (a) of 24 oligonucleotides and the other (b) of 72 oligonucleotides. 

These arrays were set out as shown in Table Ha) and Kb). The masks used to lay down these arrays 

25 were different from those used in previous experiments. Lengths of silicone rubber tubing (1mm c.d.) were 
glued with silicone rubber cement to the surface of plain microscope slides, in the form of a "U". Clamping 
these masks against a derivatised microscope slide producea a cavity into which the coupling solution was 
introduced through a syringe. In this way oniy the part of the slide within the cavity came into contact with 
the phosphoramidite solution. Except m the positions of the mismatched bases, the arrays listed in Table 1 

30 were laid down using a mask wnich covered most of the width of the slide. Off-setting this <~.ask by 3mm up 
or down the cerivatised slide in subsequent coupling reactions produced the olignucleotiaes truncated at 
the 3' or 5' ends. 

For the introduction of mismatches a mask was used wntch covered half (for array (a)) ftr one third (for 
array (b)) of the width of the first mask. The bases at positions six and seven were laid down in two or three 
35 longitudinal stripes. This led to the synthesis of oligonucleotides differing by one base on each half (array 
<a}} or third (array (b)) of the slide. In other positions, the sequences differed from the longest sequence by 
the absence of bases at the ends. 

In array (b). there were two columns of sequences between those shown in Table 1(b). in which the 
sixth and seventh bases were missing to all positions, because the slide was masked m a stnpe by the 
40 silicone rubber seal. Thus there were a total of 72 different sequences represented on the slide in 90 
different positions. 

The 1 9-mer 5* CTC CTG AGG AGA AGT CTG C was used for hybridisation (2 million cpm. 1 .2 ml 0". 1 M 
NaCl m TE. 0.1 % SDS. 20°C). 

The washing and elution steps were followed by autoradiography. The slide was kept in the washing 
45 solution lor 5 min at each elution step and then exposed (45 mm, intensified). Elution temperatures were 23. 
36, 42. 47, 55 and 60°C respectively. 

As indicated in the table, the oligonucleotides showed different melting behaviour. Short 
oligonucleotides melted before longer ones, and at 55°C, only the perfectly matched 1 9-mer was stable, all 
other oligonucleotides had been eluted. Thus the method can differentiate between a 18-mer and a 1 9-mer 
50 which differ only by the absence of one base at the end. Mismatches at the end of the oligonucleotides and 
at internal sites can all be melted under conditions where the perfect duplex remains. 

Thus we are able to use very stringent hybridisation conditions that eliminate annealing to mismatch 
sequences or to oligonucleotides differing in length by as little as one base. No other method usmg 
hybridisation of oligonucleotides bound to the solid supports is so sensitive to the effects of mismatching 

55 



8 



EP 0 373 203 B1 • 

• * • c • 



EXAMPLE 4. 



To test the application of the invention to diagnosis of inherited diseases, we hybridised the array (a) 
which carries the oligonucleotide sequences specific for the wild type and the sickle ceil mutations of the 
gfobin gene, with a 110 base pair fragment of ONA amplified from the £-globin gene by means of the 
polymerase- chain reaction (PCR). Total DNA from the blood of a normal individual (1 microgram) was 
amplified by PCR in the presence of appropriate primer oligonucleotides. The resulting 110 base pair 
fragment was purified by elecrophoresis through an agarose gel. After elution, a small sample (ca. 10 
picogram) was labelled by using a- 32 P-dCTP (50 microcurie) in a second PCR reaction. This PCR contained 
only the upstream priming oligonucleotide. After 60 cycles of amplification with an extension time of 9 min 
the product was removed from precursors by gel filtration. Gel electrophoresis of the radioactive product 
showed a major band corresponding in length to the 110 base fragment. One quarter of this product 
--(100.000 c.p.m. in 0.9 M NaCl. TE. 0.1% SDS) was hybridised to the array (a). After 2 hours at 30°C ca. 
15000 c.p.m. had been taken up. The melting behaviour of the hybrids was followed as described for the 
19-mer m example 3. and it was found that the melting behaviour was similar to that of the oligonucleotide. 
That is to say. the mismatches considerably reduced the melting temperature of the hybrids, and conditions 
were readily found such that the perfectly matched duplex remained whereas the mismatched duplexes had 
fully melted. 

Thus the invention can be used to analyse long fragments of DNA as well oligonucleotides, and this 
example shows how it may be used to test nucleic acid sequences for mutations. In particular it shows how 
it may be applied to the diagnosis of genetic diseases. 

EXAMPLE 5. 



to test an automated system for laying down the precursors, the cosL oligonucleotide was sy.nthesised 
with 1 1 or the 12 bases added in the way described above. For the addition of the seventh base, however, 
the slide was transferred into an argon filled chamber containing a pen plotter. The pen of the plotter rac 
been replaced by a component, fabricated from Nylon, which had the same shape and dimensions as tne 
pen. but which carried a polytetrafluoroethyiene (PTFE) tube, through which chemicals could be delivered 
to the surface of the glass slide which lay on the bed of the plotter. A microcomputer was used to contra 
tne plotter and the syringe pump which delivered the chemicals. The pen. carrying the delivery tube frcm 
the syringe, was moved into position above the slide, the pen was lowered and the pump^activated to lay 
down coupling solution. Filling the pen successively with G. T and A phosphoramidite solutions an array of 
twelve spots was laid down in three groups of four, with three different oligonucleotide sequences. After 
hyoricisation to cosR. as described in Example 2. and autoradiography, signal was seen only over the four 
spcts of perfectly matched oligonucleotides, where the dG had been added. 
In conclusion, we have demonstrated the following: 

1 . It is possible to synthesise oligonucleotides in good yield on a flat glass plate. 

2. Multiple sequences can be synthesised on the sample in small spots, at high density, by a simple 
manual procedure, or automatically using a computer controlled device. 

3. Hybridisation to the oligonucleotides on the 'plate can be carried out by a very simple procedure. 
Hybridisation is efficient, and hybrids can be detected by a short autoradiographic exposure. 

4. Hybridisation is specific. There is no detectable signal on areas of the plate where there are no 
oligonucleotides. We have tested the effects of mismatched bases, and found that a single mismatches 
base at any position in oligonucleotides ranging in length from 12-mer to 19-mer reduces the stability of 
the hybrid sufficiently that the signal can be reduced to a very low level, while retaining significant 
hybridisation to the perfectly matched hybrid. 

5. The oligonucleotides are stably bound to the glass and plates can be used for hybridisation 
repeatedly. 

The invention thus provides a novel way of analysing nucleotide sequences, which should find a -^c-j 
range of application. We list a number of potential applications below: 

Sm all arrays of oligonucleotides as fingerprinting and mapping tools 

Analysis of known mutations including genetic diseases. 

Example 4 above shows how the invention may be used to analyse mutations. There are many 
applications for such a method, including the detection of inherited diseases. 
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Genomic fingerprinting. 

In the same way as mutations which lead to disease can be detected, the method could be used to 
detect point mutations in any stretch of DNA. Sequences are now available for a number of regions 
containing the base differences which lead to restriction fragment length polymorphisms (RFLPs). An array 
of oligonucleotides representing such polymorphisms could be made from pairs of oligonucleotides 
representing the two allelic restriction sites. Amplification of the sequence containing the RFLP, followed by 
hybridisation to the plate, would show which alleles were present in the test genome. The number of 
oiigonucieotides that could be analysed in a single analysis could be quite* large. Fifty pairs made from 
selected alleles would be enough to give a fingerprint unique to an individual. 

Linkage analysis. 

Applying the method described in the last paragraph to a pedigree would pinpoint recombinations. Each 
pair of spots in the array would give the information that is seen in the track of the RFLP analysis, using gel 
electrophoresis and blotting, that is now routinely used for linkage studies. It should.be possible to analyse 
many alleles in a single analysis, by hybridisation to an array of allelic pairs of oligonucleotides, greatly 
simplifying the methods used to find linkage between a DNA polymorphism and phenotypic marker such as 
a disease gene. 

The examples above could be carried out using the method we have developed and confirmed by 
experiments. 

Large arrays of oligonucleotides as sequence reading tools. 

We have shown that oligonucleotides can be synthesised in small patches in precisely determined 
positions by one of two methods: by delivering the precursors through the pen of a pen-plotter, or by 
masking areas with silicone rubber, it is obvious how a pen plotter couid be adapted to synthesise larce 
arrays with a different sequence in each position. For some applications the array should be a predeter- 
mined, limited set; for other applications, the array should comprise every sequence of a predetermines 
iength. The masking method can be used for the latter by laying down the precursors in a mask wmcn 
produces intersecting lines. There are many ways in which this can be done and we give one example for 
illustration: 

1. The first four bases. A. C, G. T, are laid in four broad stripes on a square plate. ^ 

2. The second set is laid down in four stripes equal in width to the first, and orthogonal to them. The 
array is now composed of ail sixteen dmudeotides. 

3. The third and fourth layers are laid down in four sets of four stripes one quarter the width of the firs: 
stripes. Each set of four narrow stripes runs within one of the broader stripes. The array is now 
composed of all 256 tetranuclectides. 

4. The process is repeated, each time laying down two layers with stripes which are one quarter the 
width of the previous two layers. Each layer added increases the length of the oligonucleotides by o^e 
base, and the number of different oligonucleotide sequences by a factor of four. 

The dimensions of such arrays are determined by the width of the stripes. The narrowest stripe we 
have laid is 1mm. but this is clearly not the lowest limit. 

There are useful applications for arrays in which part of the sequence is predetermined and pan me = e 
up of all possible sequences. For example: 

Characterising mRNA populations. 

Most mRNAs in higher eukaryotes have the sequence AAUAAA close to the 3' end. The array usee tc 
analyse mRNAs would have this sequence all over the plate. To analyse a mRNA population it woufa r_* 
hybridised to an array composed of all sequences of the type N m AATAAAN n . For m + n = 8. which sncoic 
be enough to give a unique oligonucleotide address to most of the several thousand mRNAs tha: s 
estimated to be present in a source such as a mammalian cell, the array would be 256 elements saua--e 
The 256 x 256 elements would be laid on the AATAAA using the masking method described above. V/.r. 
stripes of around imm. the array would be ca. 256mm square. 

This analysis would measure the complexity of the mRNA population and could be used as a bas:s ;c 
comparing populations from different cell types. The advantage of this approach is that the differences m 
the hybridisation pattern would provide the sequence of oligonucleotides that could be used as probes to 
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Claims 



1. A method of analyzing a polynucleotide sequence, by the use of a support to the surface ol which is 
attached an array of the whole or a chosen part of a complete set of oligonucleotides of chosen 
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lengths, the different oligonucleotides occupying separate cells of the array, which method comprises 
labelling the polynucleotide sequence or fragments thereof, applying the polynucleotide sequence or 
fragments thereof under hybridisation conditions to the array, and observing the location of the label on 
the surface associated with particular members of the set of oligonucleotides. 

s 

2. A method according to claim 1 . applied to the study of differences between polynucleotide sequences, 
wherein the array is of the whole or a chosen part of the complete set of oligonucleotides of chosen 
lengths comprising the polynucleotide sequences. 

to 3. A method as claimed in claim 2. wherein the array comprises one or more pairs of oligonucleotides of 
chosen lengths. 

"4. A method as claimed in claim 3. wherein the array comprises one or more pairs of oligonucleotides 
representing normal and mutant versions of a point mutation being studied. 

rs 

5. A method according to any one of claims 1 to 4. wherein the polynucleotide sequence is randomly 
degraded to form a mixture of oligomers of a chosen length, the mixture being thereafter labelled to 
form labelled material which is applied to the array. 

20 6. A method as claimed in claim 5 t wherein the oligomers are labelled with 3? P. 

7. A method as claimed in any one of claims 1 to 6. wherein the chosen length of the oligonucleotides is 
from 8 to 20 nucleotides. 

25 8. A method as claimed in any one of claims 1 to 7. wherem each oligonucleotide is bound to the support 
by a covaient link through a terminal nucleotide. 

9. A method as claimed in any one of claims 1 to 8. wherein the oligonucleotide at each cell has a defined 
sequence. 

30 

10. Apparatus suitable for analysing a polynucleotide sequence by the method of any one of claims 1 to 9 
comprising a support and attached to a surface thereof an array of the whole or a cfcosen part of a 
complete set of oligonucleotides of chosen lengths, the different oligonucleotides occupying separate 
cells of the array and being capable of taking part in hybridisation reactions. 

35 

11. Apparatus as claimed in claim 10 for studying differences between polynucleotide sequences, wherem 
the array is of the whole or a chosen part of a complete set of oligonucleotides of chosen lengths 
comprising the polynucleotide sequences. 

40 12. Apparatus as claimed in claim 1 1, wherein the array comprises one or more pairs of oligonucleotides of 
chosen lengths. 

13. Apparatus as claimed in claim 12. wherein the array comprises one or more pairs of oligonucleotides 
representing normal and mutant versions of a point mutation to be studied. 

14. Apparatus for determining the sequence of a polynucleotide comprising a support having attached to a 
surface thereof an array of different oligonucleotides with defined sequences, the oligonucleotides 
occupying cells of the array and being attached to the surface, wherein the defined sequence of an 
oligonucleotide of one cell of the array is different than the defined sequence of an oligonucleotide cf 

so another ceil of the array. 

15. Apparatus for analysing a polynucleotide, the apparatus comprising a support segregated into a: least 
two defined cells, each cell having attached thereto oligonucleotides with known sequence, where the 
sequence of the oligonucleotides of a first celt is different than the sequence of the oligonucleotides of 

55 a different cell. 

16. Apparatus as claimed m any one of claims to to 15. wherein the chosen length of the oligonucleotides 
is from 8 to 20 nucleotides. 
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17. Apparatus as claimed in any one of claims 10 to 16. wherein the surface of the support to which the 
oligonucleotides are attached is of glass. 

18. Apparatus as claimed in any one of claims 10 to 17, wherein each oligonucleotide is bound to the 
support by a covalent link through a terminal nucleotide. 

19. A method for generating, for the apparatus of claim 14. an array of oligonucleotides of chosen lengths 
within discrete cells of a support material comprising the steps of 

a) segregating a support material into discrete ceil locations; 

b) coupling a nucleotide to a first set of cell locations; 

c) coupling a nucleotide to a second set of cell locations; 

d) coupling a nucleotide to a third set of cell locations; 

e) and continuing the sequence of coupling steps until the desired array has been generated, 

the coupling being effected at each location either to the surface of the support or to a nucleotide 
coupled in a previous step at that location. 

20. The method of claim 19 wherein a microcomputer controlled plotter delivers the nucleotides to said 
sets of cell locations. 

21. The method of claim 19 or claim 20 wherein the size of each discrete cell is between 10 and 100 urn. 

22. The method of any one of claims 19 to 21 further comprising the use of means for coupling said 
nucleotides to a particular set of discrete cell locations to the exclusion of other discrete cell locations. 

23. The method of claim 22 wherein said means is a mask. 
Patentanspruche 

1. Verfahren zur Analyse einer Polynukleotid-Sequenz. be> dem ein Trager verwendet wird, an dessen 
Oberfiache erne Anordnung des gesamten oder eines ausgewahlten Teils einer vollstandigen Gruppe 
von Oligonukleotiden ausgewahlter Langen gebunden ist. wobei die verschiedenen Oligonukieotide 
separate Zellen der Anordnung besetzen. wobei bei dem Verfahren die Polynukleotid-Sequenz oder 
Fragmente davon markiert werden. die Polynukleotid-Sequenz oder Fragmente davon unter Hybndisie- 
rungsbedingungen auf die Anordnung aufgebracht werden und die Lokalisierung der Markierung auf der 
Oberfiache. die mit bestimmten Bestandteilen der Gruppe von Oligonukleotiden verbunden ist. beob- 
achtet wird. 

2. Verfahren nach Anspruch 1, verwendet zur Untersuchung von Unterschieden zwischen Pofynukleotid- 
Sequenzen. bei dem die Anordnung aus dem gesamten oder einem ausgewahlten Teil der vollstandi- 
gen Gruppe von Oligonukleotiden ausgewahlter Langen besteht. welche die Polynukleohd-Sequenzen 
aufweist. 

3. Verfahren nach Anspruch 2. wobei die Anordnung em oder mehrere Paare von Oligonukleotiden 
ausgewahlter Langen aufweist. 

4. Verfahren nach Anspruch 3. wobei die Anordnung ein oder mehrere Paare von Oligonukleotiden 
aufweist. die Normal- und Mutantenversionen einer untersuchten Punktmutation darstellen. 

5. Verfahren nach einem der Anspruche 1 bis 4. wobei die Polynukleotid-Sequenz statistisch zur Bildung 
eines Gemisches von Oligorneren ausgewahlter Langen abgebaut wird. wobei das Gemisch danach zur 
Bildung von markienem Material, das auf die Anordung aufgebracht wird, markiert wird. 

6. Verfahren nach Anspruch 5, wobei die Oligorneren mit 2C P markiert werden. 

7. Verfahren nach einem der Anspruche 1 bis 6. wobet die ausgewahlte Lange der Oligonucleotide 3 bis 
20 NuKleonde betragt. 
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8. Verfahren nach einem der Anspruche 1 bis 7, wobei jedes Oligonukleotid mit einer kovalenten Bindung 
durch ein terminales Nukleotid an den Trager gebunden ist. 

9. Verfahren nach einem der Anspruche 1 bis 8, wobei das Oligonukleotid in jeder Zelle eine definierte 
5 Sequenz besitzt. 

10. Vorrichtung, welche zur Analyse einer Polynukleotid-Sequenz mit dem Verfahren nach einem der 
Anspruche 1 bis 9 geeignet ist. die einen Trager und an eine Oberflache davon gebunden eine 
Anordnung des gesamten Oder eines ausgewahlten Teils einer vollstandigen Gruppe von Oligonukleoti- 

70 den ausgewShlter Langen aufweist. wobei die verschiedenen Oligonukleotide separate Zellen der 

Anordnung besetzen und an Hybridisierungsreaktionen teilnehmen konnen. 

Vorrichtung nach Anspruch 10 zur Untersuchung von Unterschieden zwischen Polynukleotid-Sequen- 
zen, bei dem die Anordnung aus dem gesamten Oder einem ausgewahlten Teil einer vollstandigen 
Gruppe von Oligonukleotiden ausgewahlter Langen besteht, welche die Polynukieotid-Sequenzen 
aufweist. 

12. Vorrichtung nach Anspruch 11. wobei die Anordnung ein oder mehrere Paare von Oligonukleotiden 
ausgewahlter Langen aufweist. 

20 

13. Vorrichtung nach Anspruch 12, wobei die Anordnung ein oder mehrere Paare von Oligonukleotiden 
aufweist. die Normal- und Mutantenversionen einer zu untersuchenden Punktmutation darstellen. 



14. Vorrichtung zur Bestimmung der Sequen2 etnes Pdlynukleotids. die einen Tracer aufweist. an dessen 
25 eine Oberflache eine Anordnung von verschiedenen Oligonukleotiden mit definierten Sequenzen 

gebunden ist, wobei die Oligonukleotide Zellen der Anordnung besetzen und an die Oberflacne 
gebunden sind. wobei die definierte Sequenz eines Oiigcnukleotids einer Zeile der Anordnung sich von 
der definierten Sequenz eines Oligonukleotids einer an6eren Zelle der Anordnung unterscheidet. 

30 15. Vorrichtung zur Analyse eines Polynukieotids. wobei die Vorrichtung einen Trager aufweist. der in 
mindestens zwei definierte Zellen aufgeteilt ist. wobei an jede Zelle Oligonukleotide mit bekannter 
Sequenz gebunden sind. wobei die Sequenz cer Oligonukleotide einer ersten Zell& sich von der 
Sequenz der Oligonukleotide einer anderen Zelle unterscheidet. 

35 16. Vorrichtung nach einem der Anspruche 10 bis 15, wobei die ausgewahlte Lange der Oligonukleotide 8 
bis 20 Nukleotide betragt. 

17. Vorrichtung nach einem der Anspruche 10 bis 16. wobei die Oberflache des Tragers. an den die 
Oligonukleotide gebunden sind. aus Glas ist. 

40 

18. Vorrichtung nach einem der Anspruche 10 bis 17. wobei jedes Oligonukleotid mit einer kovalenten 
Bindung durch ein terminales Nukleotid an den Trager gebunden ist. 

19. Verfahren zur Erzeugung, namlich fur die Vorrichtung nach Anspruch 14, einer Anordnung von 
45 Oligonukleotiden ausgewahlter Langen in diskreten Zellen eines Tragermaterials. bei dem 

a) ein Tragermaterial in diskrete Zell-Lokalisierungen aufgeteilt wird; 

b) ein Nukleotid an eine erste Gruppe von Zell-Lokalisierungen gekuppelt wird; 

c) ein Nukleotid an eine zweite Gruppe von Zell-Lokalisierungen gekuppelt wird; 

d) ein Nukleotid an eine dritte Gruppe von Zell-Lokalisierungen gekuppelt wird: und 

50 e) die Sequenz der Kupplungsschritte fortgesetzt wird. bis die gewunschte Anordnung erzeugt is:. 

wobei die Kupplung an jeder Lokaiisierung entweder an die Oberflache des Tragers oder an ein r 
einem vorherigen Schritt an diese Lokaiisierung gekuppeltes Nukleotid erfolgt. 

20. Verfahren nach Anspruch 19. wobei em Mikrocomputer-gesteuerter Plotter die Nukleotide an. ox- 
55 Gruppen von Zell-Lokalisierungen abgibt. 

21. Verfahren nach Anspruch 19 Oder Anspruch 20. wobei die Grofle jeder diskreten Zelle zwischen 10 ur.c 
100 um liegt. 
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22. Verfabren nach einem der Anspruche 19 bis 21, bei dem auBerdem eine Einrichtung zur Kupplung der 
Nukfeotide an eine bestimmte Gruppe von diskreten Zeil-Lokalisierungen unter Ausschlufl von anderen 
diskreten Zell-Lokalisierungen verwendet wird. 

5 23. Verfahren nach Anspruch 22, wobei es sich bei der Einrichtung urn eine Maske handelt. 

Revendications 

1. Procede d'analyse d'une sequence de polynucleotide par utilisation d'un support a la surface duquel 
io est attache une serie de la totalite ou d'une partie d'un ensemble cornplet d'oligonucleotides de 

longueurs choisies, les differents oligonucleotides occupant des cellules separees de la serie, dans 
lequel on marque la sequence, de polynucleotide ou des fragments de cette sequence, on applique la 
- sequence de polynucleotide ou ses fragments dans des conditions d'hybridation a la serie. et on 
observe la localisation de la marque a la surface associee a des membres particuliers de ('ensemble 
;s d'oligonucleotides, 

2. Procede seion la revindication 1, applique a I'etude des differences entre les sequences de polynu- 
cleotides, ou ia serie est celle de la totalite ou d'une partie choisie de I'ensemble cornplet d'oligonu- 
cleotides de longueurs choisies constituant les sequences de polynucleotides. 

20 

3. Procede selon la revendication 2. dans lequel la serie comprend une ou plusieurs paires d'oligonucleo- 
tides de longueurs choisies. 

4. Procede selon la revendication 3. dans lequel la serie comprend une ou plusieurs paires d'oiigonucieo- 
25 tides representant les versions ncrmale et mutante d'une mutation ponctuelle que Ton etudie. 

5. Procede selon I'une quelconque des revendications 1 a 4. dans lequel la sequence de polynucleotice 
est degracee de facon ateatotre pour former un melange d'oligomeres d'une longueur choisie. le 
melange etant ensuite marque pour former une matiere marquee qui est appliquee a la serie. 

30 

6. Procede selon !a revendication 5. cans lequei les oligomeres sont marques avec -P. 

7. Procede seion i'une quelconque des revendications 1 a 6. dans lequel la longueur choisie des 
oligonucleotides est de 8 a 20 nucleotides. 

35 

8. Procede" seion i'une quelconque des revendications 1 a 7. cans lequel chaque oligonucleotide est Ue au 
support par une liaison de covalence par ('intermediate d'un nucleotide terminal. 

9. Procede seion I'une quelconque des revendications 1 a 8, dans lequel ('oligonucleotide a chaque 
cellule a une sequence definie. 

10. Appareil aporcprie pour analyser une sequence de polynucleotide par le procede de I'une quelconque 
des revendications 1 a 9 comprenant un support et, attacnee a une de ses surfaces, une serie de ia 
totalite ou d'une partie choisie d'un ensemble cornplet d'oligonucleotides de longueurs choisies. les 

J5 differents oligonucleotides occupant des cellules separees de la serie et etant capables de prendre par: 

a des reactions d'hybridation. 

11. Appareil selon la revendication 10 pour etudier les differences entre les sequences de polynucleotides, 
ou la serie est celle de la totalite ou d'une partie choisie d'un ensemble cornplet d'oligonucleotides ce 

so longueurs choisies constituant les sequences de polynucleotides. 

12. Appareil selon la revendication 11, dans lequel la serie comprend une ou plusieurs paires d'oligonu- 
cleotides de longueurs choisies. 

55 13. Appareil selon la revendication 12. dans lequel la serie comprend une ou plusieurs paires d'oligonu- 
cleotides representant les versions normale et mutante d*une mutation ponctuelle a etudier. 
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1.4. Appareil pour determiner la sequence d'un polynucleotide comprenant un support a une surface duquel 
est attachee une serie d'oligonucleotides differents ayant des sequences definies, les oligonucleotides 
occupant des cellules de la serie et etant attaches a la surface, ou la sequence definie d'un 
oligonucleotide d'une cellule de la serie est differente de la sequence definie d'un oligonucleotide d'une 
autre cellule de la serie. 

15. Appareil pour analyser un polynucleotide, I'appareil comprenant un support separe en au moins deux 
cellules definies, avec fixation sur chaque cellule d'oligonucleotides de sequences connues, ou la 
sequence des oligonucleotides d'une premiere cellule est diferente de la sequence des oligonucleoti- 
des d'une cellule differente. 

16. Appareil selon Tune quelconque des revendications 10 a 15. dans lequel la longueur choisie des 
oligonucleotides est de 8 a 20 nucleotides. 

17. Appareil selon Tune quelconque des revendications 10 a 16, dans lequel la surface du support auquel 
les oligonucleotides sont attaches est de verre. 

18. Appareil selon Tune quelconque des revendications 10 a 17. dans lequel chaque oligonucleotide est he 
au support par une liaison de covafence par Tintermediaire d'un nucleotide terminal. 

19. Procede pour generer, pour Tappareil de la revendication 14, une serie d'oligonucleotides de longueurs 
choisies dans des cellules discretes d'une matiere support, comprenant les stapes oe 

a) separation d'une matiere support en localisations de cellules discretes; 

b) couplage d'un nucleotide a un premier ensemble de localisations de cellules; 

c) couplage d'un nucleotide a un second ensemble de localisations de cellules; 

d) couplage d'un nucleotide a un troisieme ensemble de localisations de cellules; 

e) et poursuite de la sequence d'etapes de couplage jusqu'a ce que la serie desiree ait ete generee, 
fe couplage etant effectue a chaque localisation soil a la surface du support, soit a un nucleotide 

couple dans une etape precedente a cette localisation. 

20. Procede de la revendication 19 dans lequel un appareil de restitution commands par micrc-ordmateur 
delivre les nucleotides auxdits ensembles de localisations de cellules. * 

21. Procede de la revendication 19 ou de la revendication 20 dans tequel la faille de chaque cellule 
discrete est comprise entre 10 et 100 um. 

22. Procede de Tune quelconque des revendications 19 a 21 comprenantt en outre I'utilisation de moyens 
pour coupler lesdits nucleotides a un ensemble particulier de localisations de cellules discretes a 
I'exclusion d'autres localisations de cellules discretes. 

23. Procede de la revendication 22 dans lequel ledit moyen est un masque. 
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isolate aft -the mRNAs that differed in the populations. 
Sequence determination. 

5 To extend the idea to determine unkown sequences, using an array composed of all possible 

oligonucleotides of a chosen length, requires larger arrays than we have synthesised to date. However, it is 
possible to scale down the size of spot and scale up the numbers to those required by extending the 
methods we have developed and tested on small arrays. Our experience shows that the method is much 
simpler in operation than the gel based methods. 
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